Background: The role of public reporting in improving hospital quality of care is controversial. Reporting of hospitalacquired infection rates has been introduced in multiple health care systems, but its relationship to infection rates has been understudied. Our objective was to determine whether mandatory public reporting by hospitals is associated with a reduction in hospital rates of Clostridium difficile infection.
Introduction
The past decade has witnessed a remarkable global surge in the incidence and severity of Clostridium difficile infection [1] [2] [3] [4] . This pathogen has long been among the most burdensome hospitalacquired infections, but has now become a leading contributor to infectious disease morbidity and mortality in developed countries [5] . The majority of C. difficile infections are acquired in hospital, and many of these are potentially preventable through strategies aimed at minimizing transmission between patients or decreasing patient susceptibility, primarily by reducing inappropriate antibiotic use [6] .
Mandating public reporting of quality care metrics has been one vehicle used by health care payers to incentivize improvements in hospital care at a system level. Several theories have been put forth for how public reporting might improve patient outcomes: public reporting could encourage patients and their agents to select higher performing institutions (selection pathway), it could allow hospitals to identify areas of poor performance to target for improvement (change pathway), or it could motivate institutions to avoid the shame of a bad performance report and seek the pride of a good report (reputation pathway) [7, 8] . Most evidence, including a recent randomized trial of public reporting of cardiac quality indicators, suggests that the potential benefit is largely in stimulating quality improvement efforts [9] . However, the benefits and hazards of public reporting systems may vary depending on the specific clinical context (identification of appropriate measurements and responsible providers, and the need for risk adjustment) [7, 10, 11] , and public reporting is particularly understudied in the domain of hospital-acquired infections [12] .
In Ontario, Canada, the Ontario Ministry of Health and LongTerm Care (MOHLTC) selected C. difficile rates as the first among a slate of hospital patient safety indicators to be subject to mandatory monthly public reporting starting September 1, 2008 [13] . Hospitals were obligated to collect their own data on hospital-acquired C. difficile infections, and report the data monthly to the MOHLTC for posting on a publicly accessible website. No additional hospital-level incentives or disincentives were initially implemented, but there was acknowledgment that hospital global budgets and hospital executive compensation could eventually be linked to hospital performance [14] .
The objective of our investigation was to utilize populationbased health care data in Ontario, Canada, as an independent means to rigorously evaluate the impact of a public reporting system on province-wide, hospital-specific rates of this burdensome pathogen.
Methods
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General Study Design
We conducted a retrospective, longitudinal population-based cohort study of all patients (.1 y old) admitted to acute care hospitals in Ontario between April 1, 2002, and March 31, 2010 . Poisson regression analysis was used to develop a high-fidelity predictive model of hospital rates of C. difficile infection prior to public reporting, to allow an assessment of the change in provincial hospital-specific rates of C. difficile infection following the introduction of mandatory public reporting (introduced September 2008).
Data Sources
The cohort was derived from a linkage of well-validated, province-wide health care administrative databases housed at the Institute for Clinical Evaluative Sciences [15, 16] [16] .
C. difficile rates from health care administrative data were validated against rates reported by individual institutions via the mandatory public reporting system. Given that these reporting data are only available (by definition) from the period after the program was initiated, and given that they are aggregated at the hospital level (without any risk adjustment), they cannot be directly used to evaluate the impact of the program. Hospitals reported all cases of C. difficile diagnosed at their institution, using a standardized case definition, and were required to classify the origin of cases as (i) nosocomial acquisition from their institution, (ii) nosocomial acquisition from another institution, or (iii) community acquisition or unknown/indeterminate source. Only those cases deemed by the institution to have been acquired in their own hospital are incorporated into the numerator of monthly publicly reported rates. However, for this study we had access to overall C. difficile rates, including cases assigned to any of the three categories.
Patient Selection Criteria
We identified all patients admitted to an acute care hospital in Ontario between April 1, 2002 , and March 31, 2010. We excluded infants as well as patients admitted to psychiatry, rehabilitation, and complex continuing care institutions, given low expected event rates, and the fact that admissions to these non-acute-care centers are recorded in separate, less well validated databases. The use of broad inclusion criteria was intended to generate population-based data, and avoid the selection bias that is inherent in clinical surveillance networks. In total, data from 180 acute care hospitals contributed to the analysis during the 8-y study period, including 165 which contributed data to the public reporting period (September 1, 2008, to March 31, 2010) . Individual hospitals were included even if they were in existence for only part of the pre-intervention and/or post-intervention period(s), because even with hospital openings, closures, and mergers during the 9-y study period, the net population at risk was considered to be all Ontario patients admitted to acute care hospital beds.
Primary Predictor
The primary predictor in this study was the date of initiation of mandatory public reporting of hospital C. difficile rates, which was implemented by the MOHLTC on September 1, 2008.
Outcome Definition
The primary outcome was the hospital-and age-specific monthly rates of C. difficile disease per 10,000 hospital patient-days. C. difficile disease is captured in the hospital database, through a single International Classification of Diseases (ICD) code (ICD-10 code A047). Two prior validation studies in the United States have indicated that ICD codes are sensitive (71%-88%) and specific (.99%) for the diagnosis of C. difficile infection [17, 18] . It is less clear whether administrative databases can accurately distinguish the source of C. difficile acquisition, and so we included all cases rather than just those that were labelled as post-admission diagnoses [19] .
Validation of C. difficile Rates in the Administrative Datasets
For additional indirect validation of ICD-10 codes in the local context, data from September 1, 2008, to March 31, 2010 (the period of public reporting), were used to compare hospital-level C. difficile counts in the administrative data to publicly reported counts. Pearson correlation coefficients (weighted for hospital beddays) were calculated for overall C. difficile cases and nosocomial C. difficile cases across the institutions subject to public reporting.
Risk Strata
Hospitalized patients were grouped into monthly, age group, and hospital-specific strata. Hospitalized patients were separated into nine age strata: 1-18, 19-30, 31-40, 41-50, 51-60, 61-70, 71-80, 81-90, and .90 y old. In total there were 124,740 potential strata in the pre-intervention period (77 mo6nine age groups6180 institutions), and 30,780 potential strata in the postintervention period (19 mo6nine age groups6180 institutions). The actual number of strata was slightly lower (133,418), given that not all age strata were represented in all hospital-months, and some hospitals were not in existence for the entire study duration.
Statistical Analysis
Primary analysis. We first computed C. difficile rates by age group, month, and hospital strata prior to September 1, 2008 , to visually inspect temporal trends, overall and by hospital. The numerator was the number of C. difficile cases in each stratum; the denominator was the at-risk hospitalized population in each stratum (10,000 patient-days). In the primary analysis, we examined whether the introduction of public reporting of C. difficile rates in September 2008 was associated with a significant decline in hospital-specific C. difficile rates. To model the temporal patterns of C. difficile infections, we used generalized estimating equations for clustered count data to account for correlations among outcomes within hospitals over time, using an auto-regressive correlation structure with a period of 3 mo [20] . The unit of analysis was the hospital, month, and age group stratum. The dependent variable was the number of C. difficile infections in each stratum; the offset parameter was the number of patient-days in each stratum. All models included age group, pre-reporting calendar month (to account for seasonal trends), hospital facility type (acute teaching, large community, or small community), concurrent and 1-to 12-mo lagged provincial monthly rates of prescriptions of antimicrobials, and indicator variables for each post-reporting month, coded as the difference between the specific post-reporting month and the corresponding pre-reporting calendar month. The exponentiated post-month regression coefficients thus represent the relative difference between the observed post-month and the predicted post-month based on the pre-reporting trends. We planned to model longitudinal trend with both linear and non-linear functions. Model fit was assessed through graphical inspection of observed and predicted rates over the pre-intervention period, as well as through deviance and Pearson chi-square statistics.
We used 6.5 y of data to model pre-reporting trends, and projected these trends to the post-reporting period after September 1, 2008 , to obtain predicted rates in the absence of reporting. The predicted cases and 95% confidence intervals for a calendar month after public reporting were computed as the observed number of cases for that month divided by the corresponding relative rates from the model, as in previous work [21] . The overall relative difference in infection rates in the calendar year 2009 was obtained as the exponentiated weighted average of the regression coefficients corresponding to that period, weighting by log person-days. Averted cases were computed as the difference between predicted and observed cases in post-reporting months. The decrease in hospital C. difficile rates was computed for the overall population, as well as for hospital facility subtypes. In a sensitivity analysis, to test the robustness of our results and to ensure that findings were not being driven by coding practices in a few large institutions, we excluded hospitals with discordant rates of C. difficile in the public reporting and administrative datasets.
Tracer analyses. To test the specificity of our findings, we examined tracer outcomes that should not be impacted by C. difficile public reporting. First, we inspected hospital admissions for other bacterial gastrointestinal pathogens. These pathogens (Salmonella, Shigella, Campylobacter, Listeria, and Yersinia, among others) are almost universally community-acquired, to the extent that microbiology laboratory guidelines recommend against testing for these pathogens when infections arise more than 72 h postadmission [22] . We also inspected urinary tract infections as a tracer outcome; although a fraction of urinary tract infections are hospital-acquired, they are not yet subject to public reporting, and the primary means of preventing nosocomial urinary tract infections (e.g., urinary catheter avoidance) differ from the prevention strategies for C. difficile [6, 23] .
Analyses were performed using STATA procedure XTGEE. Patient confidentiality was maintained via encrypted health card numbers using Institute for Clinical Evaluative Sciences protocols.
Results
Cross-Validation of C. difficile Rates in Public Reporting and Administrative Datasets
The total number of C. difficile cases publicly reported by each Ontario hospital between September 1, 2008, and March 31, 2010, was compared to the corresponding number of cases recorded in the provincial administrative datasets. There was an excellent concordance for overall C. difficile cases ( Figure 1A ; weighted Pearson's correlation coefficient 0.92), and nosocomial C. difficile cases ( Figure 1B ; weighted Pearson's correlation coefficient 0.91) across these institutions. 
,000 patient-days), followed by academic teaching hospitals (8.01) and small community hospitals (7.88).
There was marked seasonal variation in C. difficile rates, with yearly peaks in winter months (Figure 2 ). In addition, crude C. difficile rates increased over this pre-intervention period, from 7.01 Predictors of Monthly C. difficile Rates As compared to the reference age group of 61-70 y olds, all younger age groups had a reduced incidence rate ratio of C. difficile infection, while all older age groups had an increased incidence (Table 1) . Infection rates were lower in small community hospitals, as compared to academic teaching hospitals. Higher C. difficile monthly rates were associated with higher total outpatient elderly antibiotic prescriptions in Ontario in the preceding months, with time lags up to 9 mo (Table 1 ). Figure 3 . Reduced rates of C. difficile infection associated with the introduction of public reporting. Observed monthly rates of C. difficile infection in Ontario (solid blue line) were generally increasing prior to the introduction of public reporting in September 2008 (identified by black dotted line), and declined after this intervention. Post-intervention rates were significantly lower than rates predicted by a Poisson model (red dashed line) derived from pre-intervention data points and adjusted for age and hospital strata, and overall burden of community antibiotic use (with 0-to 12-mo lags). doi:10.1371/journal.pmed.1001268.g003
C. difficile Rates in Ontario following the Introduction of Public Reporting
After the introduction of public reporting, there was a gradual decline in age-specific hospital rates of C. difficile colitis in Ontario (Figure 3) . The observed post-intervention rates diverged from predicted rates based on the pre-reporting-period trends: rates were forecasted to continue to rise during this period (Figure 3 ). There were 8,787 cases of C. difficile in Ontario during the 19-mo post-intervention period, as compared to 11,392 predicted by the Poisson model. In 2009, the first full calendar year after public reporting was instituted, there were only 5,417 cases (8.92 per 10,000 patient-days) as compared to 7,327 predicted by the Poisson model (12.16 per 10,000 patient-days, 95% CI 11.35-13.04 cases per 10,000 patient-days) (p,0.001). This corresponded to a 26.7% reduction in C. difficile cases (95% CI 21.4%-31.6%). Predicted rates were higher than observed rates across all facility types, including large community hospitals (12.9 versus 10.1 per 10,000 patient-days), small community hospitals (10.1 versus 5.4 per 10,000 patient-days), and acute teaching hospitals (11.1 versus 7.5 per 10,000 patient-days). Public reporting was associated with a projected 1,970 cases averted in the first calendar year after introduction (95% CI 1,476-2,500 cases) ( Table 2 ). Findings were similar in a sensitivity analysis excluding two large hospitals with the greatest discordance between C. difficile rates in the publicly reported and administrative datasets (data not shown).
Tracer Outcomes Not Expected to Be Impacted by C. difficile Public Reporting
During the study period (April 1, 2002 to March 31, 2010) there were 6,545 hospital admissions for other leading bacterial gastrointestinal pathogens, corresponding to a rate of 0.87 per 1,000 hospital admissions, or 1.34 per 10,000 patient-days. The rate of these predominantly community-acquired infections did not change after the introduction of C. difficile public reporting ( Figure 4A ).
There were 16,601 hospital admissions involving urinary tract infections, corresponding to a rate of 2.21 per 1,000 admissions, or 3.40 per 10,000 patient-days. Longitudinal trends in urinary tract infections did not change after the introduction of C. difficile public reporting ( Figure 4B ).
Discussion
This longitudinal population-based cohort study has confirmed an immense burden of C. difficile infection in Ontario, while heralding mandatory hospital reporting as one potential means to reduce this burden. C. difficile infections affected more than 6,000 patients per year in Ontario, were more than twice as common as all other bacterial gastrointestinal and urinary tract infections combined, and increased over the 6.5-y pre-intervention period. However, with the introduction of public reporting in September 2008, C. difficile infections declined by 26% across Ontario, resulting in over 1,900 cases averted per year. A number of jurisdictions in the United States, Canada, and the United Kingdom have introduced mandatory public reporting of hospital-acquired infections, including C. difficile colitis, and some have reported reductions in rates [24, 25] . However, our study represents the first attempt, to our knowledge, to measure population-based rates in a dataset that is independent from the public reporting system. In fact, a prior systematic review identified no rigorous studies investigating changes in health care-associated infection as an outcome of public reporting [12] . Therefore, our findings provide important confirmation that public reporting can be associated with reductions in health careassociated infections on a broad scale.
Although we did not explore the mechanisms by which public reporting influenced C. difficile rates in this case, prior research suggests that the selection pathway (i.e., patients selecting higher performing institutions) is least likely to have impacted C. difficile rates in Ontario. A recent review suggests that the impact of public reports on consumers is related to the accessibility and ease of understanding the messages of the report [26] . However, in Ontario the reports are quite deeply buried on a MOHLTC website [27] . So, even though the universal health care system in Ontario does not constrain individuals from choosing their own providers and institutions, it is unlikely that these reports led to shifts in patient selection of hospitals. It is more likely that public reporting elevated C. difficile to greater prominence on hospital quality improvement agendas, and motivated hospitals to adhere more closely to best practices in C. difficile prevention. Such practices, ranging from patient isolation to environmental cleaning, are well described in general infectious diseases society guidelines [6] , and analogous Ontario guidelines were distributed to all hospitals. No financial incentives or disincentives were initially linked to C. difficile public reporting in Ontario, but hospitals may have anticipated that at some future point high rates could influence hospital reimbursement, akin to the US Centers for Medicare & Medicaid Services' denial of hospital reimbursement for avoidable patient complications such as infection (termed ''never events'') [28] . In fact, subsequent legislation in Ontario has now mandated that executive compensation be linked to achieving quality improvement targets, including for C. difficile rates, starting in 2012 [14] .
This investigation confirmed prior findings that higher C. difficile rates are strongly associated with older patient age [1, 29] , large community hospitals [30] , and winter (respiratory virus) season [30, 31] . Although prior antibiotic exposure is widely recognized as a cause of C. difficile colitis for individual patients (by disrupting normal intestinal flora) [1, 32] , we report a novel finding that population-level outpatient antimicrobial consumption is predictive of hospital C. difficile rates across a broad geographic region. Overall antibiotic prescription rates predicted C. difficile rates at lags of up to 9 mo. Seasonal increases in antibiotic use in winter appear to drive seasonal increases in C. difficile disease, and likely mediate the reported association between influenza and C. difficile seasonality [31] . Intriguingly, the apparent increases in C. difficile rates in Ontario between 2002 and 2008 are also potentially explained by corresponding increases in population antibiotic utilization. This finding provides strong support for the ''antibiotic stewardship'' movement, aimed at reducing unnecessary antibiotic use within institutional and community settings [33] .
Although study strengths include a population-based assessment of a system-level intervention with no loss to follow-up, as an observational study using health administrative data our study has some limitations. Our study findings may be influenced by misclassification of C. difficile outcome status in the administrative databases. However, the accuracy of these diagnostic codes are supported by patient-level validation studies in other jurisdictions [17, 18] , as well as our own hospital-level cross-validation with Ontario public reporting statistics. Without a prospective, randomized trial we cannot be certain that C. difficile rates in Ontario were not influenced by some other temporal confounder, such as changes in C. difficile strain prevalence or antibiotic stewardship practices unrelated to C. difficile public reporting. However, the causal inference is strengthened by the duration of our longitudinal cohort (crude rates were rising for 6.5 y and then dropped coinciding with the intervention), the inclusion of crucial predictors of C. difficile (age and antibiotic utilization), and the assessment of control infectious diseases. Although public reporting could prompt some hospitals to underestimate the proportion of cases that were nosocomial, these hospitals are not likely to have underestimated the overall number of cases, since these figures were not subject to public reporting, and because ignoring cases or reducing laboratory testing of C. difficile could potentially lead to increased transmission of infection and more dramatic outbreaks. Nevertheless, given the potential for ''gaming'' of reported rates, and the potential for more thorough reporting in higher performing institutions, we utilized a data source for hospital C. difficile rates that was independent of the public reporting system itself.
This study provides to our knowledge the first population-based, rigorous evaluation of a public reporting system for hospitalacquired infection using an independent data source. In doing so, it provides support for ongoing public reporting of hospital C. difficile rates as a means of reducing the large population burden of this preventable disease. Future research will be required to discern the direct mechanism by which C. difficile infection rates are reduced in response to public reporting.
Editors' Summary
Background. A stay in hospital can be lifesaving but can expose people to health care-associated infections. One of these-Clostridium difficile infection-is a major cause of infectious disease illness and death in developed countries. C. difficile bacteria cause diarrhea and, more rarely, lifethreatening inflammation of the gut (colitis). They are present in the gut of about 3% of adults but do not normally cause any problems because other ''good'' bacteria keep them in check. However, antibiotics destroy these good bacteria, and if a person who has taken antibiotics becomes infected with C. difficile before good bacteria repopulate the gut, C. difficile can multiply rapidly and produce toxins that cause illness. Because C. difficile is usually acquired from other infected patients and their contaminated environments, and because antibiotic use is highly prevalent in hospitals, most C. difficile infections are acquired in hospitals and nursing homes. Infections can be prevented by practicing good hygiene in health care environments (for example, washing hands regularly with soap and water), by isolating patients who are infected with C. difficile, and by prescribing antibiotics for other infections sparingly.
Why Was This Study Done? Hospitals often need encouragement to improve infection control and other aspects of care. One potential way to improve the quality of hospital care is mandatory public reporting of measures of care quality. This intervention may help hospitals identify areas of poor performance to target for improvement or may motivate them to improve care quality to avoid the shame of a bad performance report. Although many health care systems have introduced public reporting of hospitalacquired infections, the effects of this intervention have been poorly studied. In this longitudinal cohort study, the researchers use population-based health care data to evaluate the impact of the introduction of mandatory hospital public reporting of the rates of hospital-acquired C. difficile infection in Ontario, Canada. Since September 1, 2008, hospitals in Ontario have been required to send monthly data on hospital-acquired C. difficile infections to the Ontario Ministry of Health and Long-Term Care for posting on a public website.
What Did the Researchers Do and Find? The researchers used health care administrative data for all patients older than one year admitted to acute care hospitals in Ontario between April 1, 2002, and March 31, 2010 , to develop a model to predict monthly rates of C. difficile disease per 10,000 patient-days based on rates in the period before the introduction of public reporting. They then compared the observed rates of C. difficile disease after the introduction of public reporting with the rates predicted by this model. In the pre-intervention period, there were nearly 34,000 cases of C. difficile disease during about 39 million hospital days. Rates of C. difficile disease increased from 7.01 cases per 10,000 patient-days in 2002 to 10.79 cases per 10,000 patient-days in 2007. After the introduction of public reporting, the C. difficile disease rate fell to 8.92 cases per 10,000 patient-days, which is significantly (that is, unlikely to have occurred by chance) lower than the 12.16 cases per 10,000 patient-days predicted by the pre-intervention model. Finally, the researchers estimate that public reporting was associated with a 26.6% reduction in C. difficile disease cases and that it averted about 1,900 cases per year.
What Do These Findings Mean? These findings suggest that mandatory public reporting of hospital rates of C. difficile disease may reduce the population burden of this serious infection. Because this is an observational study, these findings do not prove that the introduction of mandatory public reporting actually caused a reduction in infection rates. Some other uncharacterized factor might be responsible for the decrease in C. difficile disease in Ontario hospitals since late 2008. Moreover, the many assumptions included in the predictive model means that the estimated number of cases averted by the introduction of public reporting may be inaccurate. Although further research is needed to determine how public reporting might affect C. difficile disease rates, the researchers suggest that, in this study, mandatory public reporting may have increased the prominence of C. difficile on hospital quality improvement agendas and may have motivated hospitals to adhere more closely to best practices in C. difficile prevention. 
